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1. Introduction
CELL_FACH state is more preferred to serve the “always on” services (such as PoC, Push email and VPN connections) which are typically with small burst packages, because it could avoid the signalling overhead and latency overhead caused by unnecessary state transition to CELL_DCH state, and in the end yield “seamless” user experience. This already demanded the enhancements for CELL_FACH state for both downlink and uplink in Rel-7 and Rel-8. However, with the more and more popular mobile broadband usage (e.g. by smart phones) on the HSPA radio network, there is a risk that CELL_FACH state may become a bottleneck as compared to CELL_DCH state due to the low downlink spectrum efficiency.
In this contribution, we will do a preliminary analysis on the potential aspects that could be considered for the further enhancement for CELL_FACH state.
2. Potential aspects for CELL_FACH enhancement
2.1. Multi-cell CELL_FACH operation
The evolution of multi-cell HSDPA operation begun from Rel-8, and continued in subsequent releases and now supports up to 8 carriers spreading over 1-2 bands in Rel-11, which effectively boosts the achievable downlink throughput for CELL_DCH state UEs. This is summarized in Table 1 below.
Table 1: Evaluation of multi-cell HSDPA operation
	Feature
	Total bandwidth (MHz)
	Peak data rate without MIMO (Mbps)

	DC-HSDPA (Rel-8)
	10
	42

	4C-HSDPA (Rel-10)
	20
	84

	8C-HSDPA (Rel-11)
	40
	168


If the multi-cell HSDPA operation could be applied to CELL_FACH state as well, then all the UEs in the network could share this successful deployed evolution technology. By exploiting the cell aggregation and the dynamic load balancing, substantial gains are expected for CELL_FACH state in terms of both cell throughput and user throughput. In addition, the faster download of small burst package could avoid UE moving into CELL_DCH state thus benefits the UE battery consumption. What is more attractive is that multi-cell CELL_FACH operation will not cause extra increment on the network deployment complexity and UE manufacturing complexity, because the required extra processing power was already there for CELL_DCH state.
For the uplink, if a UE is capable of multi-cell CELL_FACH operation, then it could freely choose one the most lightly loaded cell among the aggregated cells when uplink transmission is triggered, so as to achieve the uplink load balancing by making use of the pooling resources, as depicted in Figure 1. For the sake of simplicity, the dynamic selection of active uplink cell should be forbidden within the occupation period of one common E-DCH resource.
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Figure 1: uplink load balancing by multi-cell CELL_FACH operation
2.2. Fast HS-DPCCH setup
For the CELL_FACH state in current system, HS-DPCCH setup will only be triggered by the uplink data transmission (via Enhanced UL for CELL_FACH state and Idle mode). The uplink data transmission could be uplink service package, or the accompanied RLC ACK and/or TCP ACK for the downlink package.
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Figure 2: the delay for HS-DPCCH setup
Figure 2 shows the delay for HS-DPCCH setup caused by the downlink package delivery in the current system, where T1 means the delay caused by the triggering of RLC ACK and/or TCP ACK for the downlink package, T2 means the delay caused by preamble power ramping, and T3 means the delay caused by collision resolution.
From the Figure 2, it could be observed that for short burst downlink services, the HS-DSCH transmission will have no chance to enjoy the HARQ ACK and CQI feedback, because the whole HS-DPCCH setup delay (T1+T2+T3) is in the order of  tens or hundreds of ms which is long after the complete of HS-DSCH transmission.
By exploiting fast HS-DPCCH setup, e.g. Node B triggered HS-DPCCH setup, timely HARQ ACK and CQI feedback could be provided for short burst downlink services, and it could achieve:
1. Higher system capacity. Because conservative TFRC selection and unnecessary HARQ retransmission could be avoided, this allows more efficient resources utilization.
2. Faster package delivery. Because without HARQ ACK and CQI, conservative TFRC selection will be performed thereby downlink package will experience a lower data rates, and number of transmission attempts will be required for a single package delivery due to the blind HARQ retransmission.
In another way, by exploiting fast HS-DPCCH setup, the TCP ACK for the downlink packages could reach at the peer end earlier (by suppression of the delay T2+T3), thereby the downlink data rate could be faster boosted at the TCP layer given that TCP is a slow start system [2]. This will significantly benefit the user experience for interactive type of services e,g. web browsing.
2.3. 64QAM for CELL_FACH state

64QAM was introduced in Rel-7 and it could significantly increase the downlink peak data rate for UEs with good geometry. However, as per 25.331[1], a UE in CELL_FACH could not be configured with 64QAM, hence the downlink data rate couldn’t be boosted even the UE is located in cell center.

Table 2 shows the statistics of the proportion of transmissions modulated by 64QAM amongst all the downlink transmissions (by system simulation). It could be observed that the 64QAM radio is considerable thereby 64QAM for CELL_FACH state is worth discussion. The fast HS-DPCCH setup discussed in section 2.2 will help the CELL_FACH state UE to make better use of 64QAM.
Table 2: Statistics of 64QAM ratio (inter site distance = 500m)
	UE num per cell
	2
	4
	8
	16

	64QAM ratio
	7.95%
	13.36%
	14.06%
	14.27%


Note that it is not our intention to duplicate every CELL_DCH state evolution technology to CELL_FACH state, only the technologies which could be simply applied to CELL_FACH state are recommended.
2.4. Latency reduction for CELL_FACH state
Latency reduction is always attractive to operators, and it is beneficial to reduce the latency of data transmission and reception for CELL_FACH state so as to increase the experience of smart phone users that are in CELL_FACH state. By exploiting the approaches discussed in the above sections, faster downlink packet delivery could already be achieved.
Other scenarios could also be discussed within the topic of latency reduction for CELL_FACH state. For example, for a CELL_PCH UE with dedicated H-RNTI configured, in case the UE has detected a paging indication intended for it, then within the associated HS-SCCH subframes (at most 5) the UE will monitor the configured HS-SCCHs and perform corresponding HS-DSCH reception. Therefore, from network perspective, the scheduling of downlink transmission shall be performed within the paging indication associated HS-SCCH subframes, otherwise the UE will resume DRX state and network will have to wait for one additional paging occasion, which results in considerable delay for the downlink packet delivery. This may happen in case of HS-SCCH congestion. We see the risk of this issue in the realistic network deployment, especially considering that more and more UEs will be put into CELL_PCH state after the introduction of fast dormancy.
3. Potential specification impacts
For multi-cell CELL_FACH operation, it is expected that the impacts to the current specification are modest (mostly in RAN2 and RAN3). For RAN1, functionality currently defined for DC-HSDPA and 4C-HSDPA should be reused as much as possible unless non-reuse can be justified by clear benefits. For RAN4, the supported band combinations and number of supported carriers per band identified for 4C-HSDPA should be reused, i.e. they should be neutral to different RRC states.
For 64QAM and latency reduction for CELL_FACH state, we have similar observations that the impacts to the current specification are modest and mostly in RAN2&3.
For fast HS-DPCCH setup for CELL_FACH state, depending on the solutions that are accepted by companies finally, some RAN1 and RAN4 impacts may be involved.
4. Conclusion

In this contribution, we did a preliminary analysis on the potential aspects that could be considered for further enhancement for CELL_FACH state, including:
1. multi-cell CELL_FACH operation
2. fast HS-DPCCH setup for downlink HS-DSCH transmission
3. 64QAM for downlink HS-DSCH transmission
4. latency reduction
By exploiting the enhancements for CELL_FACH state, higher system capacity and faster package delivery could be achieved. Thereby, we believe that further enhancement for CELL_FACH state FDD is a promising candidate for Rel-11 and it will represent an important step in HSPA evolution.
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